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EXP-NIPAL LNVESTIGATION OF DROPLE2  VAPORIZATION  UNDER 

CONDITIONS OF HIGH TEMPE3ATLTRES AND PRESSURES* 

by G. B. Petrazhitskiy 

1. GENERAL OBSERVATCONS 

In order to  design  combustion  chambers  for  rocket  engines  it  is  necessary 
to  have  data  on  the  rate  of  vaporization  of  the fuel droplets.  According to 
the  present  day  concepts  pertaining  to  the  energy  process in engines,  the 
vaporization  of  the  droplets in the  combustion  chamber  plays a very  important, 
in some  cases  even  decisive,  role.  Not  only  the  process  of  mixture  formation 
but  also  the  stability  of  operation  of  certain  types  of  engines  is  associated 
with  the  rate  of  vaporization  of  the  droplets.  Notwithstanding  the  consider- 
able  number  of  studies  that  have  been  devoted  to  this  question  (e.g.,  refs. 1 
and E'), both  the  specific  features of the  process  of  intense  vaporization  of 
droplets  and  the  characteristics  associated  with  the  vaporization  of  droplets 
under  conditions  of  high  pressures  have  been  almost  entirely  neglected. 

In this  article a brief  description  is  presented  of an experimental  in- 
vestigation  whose  fundamental  object  was to obtain  data  on  the  vaporization  of 
droplets in a gas  stream  under  high  temperature  and  pressure  conditions.  Since 
the  vaporization  of  droplets  plays an important  part in a number  of  processes 
of  the  chemical  and  power  production  industries,  the  data  obtained in this in- 
vestigation may a.lso have  a.  wider  application. 

For the  investigation  of  the  heat  and  mass  transfer  processes  between  the 
droplets  and  the  gas  stream  under  conditions of high  pressure,  it  was  found 
necessary to design a relatively  complex experkental apparatus, a genera.1  view 
of  which is given in figure 1, On  this  apparatus,  the  vaporization  of  droplets 
of water,  96-percent  ethyl  alcohol,  and  the fuel TC-1 (kerosene)  was  investi- 
gated. The  droplets  were  vaporized in an airstream.  The  tests  were  conducted 
at pressures from 10 to 60 atmospheres in a range  of  airstream  temperatures 
from 90° to 500' C. Another  relatively  simple  apparatus  was  used for conduc- 
ting  the  investigation  at  high  temperature.  The  vaporization of water  from a 
surface of a porous  sphere  at  atmospheric  pressure was studied in this  appara- 
tus. In these  tests  the  temperature  of  the  gas  stream  about  the  sphere  was 

* 11 Eksperimental'noye  issledovaniye  ispareniya  kapel' v usloviyakh  vysokikh 
temperatur i davleniya."  Trudy  Odesskogo Gosudarstvemogo Universiteta im. 
I. I. Mechnikova,  Seriya  Fizicheskikh  Nauk,  Vol. 150, No. 7, pp. 125-136, 1960. 
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maintained  constant a t  approximately 2800° C. 

2. AF'PAFUYCUS FOR INVESTIGATING THE VAF'ORIZA.TION 

O F  DROPLETS LN THE REGION OF HIGH Pl33SSURES 

The gas  stream i n  this apparatus was produced  by the  use of compressed 
air. The a i r  entered  the pneumatic  system  from  standard  tanks under a pressure 
of 150 atmospheres. The air was conducted  along  high  pressure mains t o  a 
valve 1 ( f ig .  2 )  and then   en tered   the   s i l i ca   ge l   adsorber  2, which absorbed 
the  moisture from the  air. To c l ean   t he   s i l i ca   ge l  dust and other  mechanical 
admixtures from the  a. ir ,  f i l t e rs  3 were placed  behind  the  adsorber.  After  the 
a i r  passed  through  the filters, it then  entered  the a i r  reducer 4. The pres- 
sure  behind  the  reducer was adjusted t o  correspond  wlth  the  given  opera.ting 
conditions of the  apparatus and could  be any value  between  the  limits 10 and 
60 atmospheres, The air, reduced to  the  operating  pressure,   passed  through 
the  receiver 5 and the  shutoff  valve 6 i n t o   t h e   c o i l  7 placed in   the   tube   fur -  
nace  and i n   t h i s  way was preliminarily  heated. Valve 8 served  for  purging  the 
a i r  from the system. From t he   co i l ,   t he  a i r  entered  the  thick-walled  pipe 9, 
which was placed i n  the  other  four  furnaces 10. W s  pipe  had  an  internal 
diameter of 26 millimeters and a wall thickness of 4 millimeters and was f i l l e d  
with  pieces of porcelain no larger   than 4 mill imeters  in  size.  As  a. r e su l t ,  
the  a i r  i n   t h e   p i p e  was well  mixed  a.nd uniformly  heated. The c o i l  and  pipe 
were made of Xl8H9T s t ee l .  Furnaces  with  thermal  regulators were used t o  heat 
the  a i r  tube. The temperature Fn the  furnaces was controlled by Chromel-Alumel 
thermocouples i n   t h e  vapor  with  cylindrical  millivoltmeters il ( f ig .  2). 

The pipe  supplying  the  heated a i r  ended i n  a widened portion  followed by 
a nozzle 1 (f ig .  3). The greatest  diameter of the  nozzle was 40 mill imetersj  
the   ex i t   sec t ion  of the  nozzle had a diameter of 1 6  millimeters. In f ron t  of 
t he  widened par t  of the  nozzle   in   pipe 2 were attached two round  pla.tes  with 
a large number of 0.5 millimeter-dia.meter  openings, The nozzle and p la tes  were 
ma.de of ru s t l e s s   s t ee l .  The pieces of porcelain  in  the  supply  pipe  rendered 
the  flow  turbulent and  equa.lized the   ve loc i ty  and  temperature  fields  over  the 
pipe  cross  section. The perforated  plates  reduced  the  scale of the  turbulence, 
while  the  widening part of the  pipe and the nozzle i tself  lowered  the  intensity 
of the  turbulent  pulsa.t ions somewhat. 

According to   t he   t heo ry  of f r e e  flow of a j e t   ( r e f .  3), t h e  airstream be- 
hind a nozzle has a core of constant  velocities. The vaporizing  droplets 
were s i tua ted  a t  a distance of 6 millimeters  from  the  nozzle  and were found t o  
be i n   t h e  core of t he  stream. The d i r ec t  measurement of t h e   v e l o c i t y   i n   t h e  
ex i t   sec t ion  of the  nozzle of the  pneumatic  pipe showed tha t   t he   ve loc i ty  a t  
a. Ckstance of 2 millimeters from the  wall of the nozzle differs from the   ax ia l  
ve loc i ty  by no more than 8 percent.  This  permitted  the  assumption t o  be made 
t h a t   t h e   f i e l d  of ve loc i t ies  a t  the  nozzle exit was uniform  and t h e  value of 
t he   ve loc i ty   i n   t he  workfng sec t ion  of the core of t h e  stream was e q u a l   t o   t h e  
value of t he   ve loc i ty   i n   t he   ex i t   s ec t ion  of the  nozzle, 

The en t i r e   s ec t ion   a f t e r   t he  air supply pipe (including  the wide par t  and 
nozzle) wa.s situated within  the  thick-walled chamber 12 ( f ig .  2 ) ,  which was 
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designed  for  high  pressure. This chamber consisted of a cy l indr ica l  steel  
body 3 (fig.  3) with  forward  and rear covers 4 and 5 and r ings 6 with  plane- 
pa ra l l e l   op t i ca l  windows 7. The glass  i n  the   r ings  was made t i gh t   w i th   t he  
bushings 8, The covers of t he  body served as f langes  for   pipe 2 which supplied 
the  hot  air, and  pipe 9, which  conducted the  hot  air away. In the  upper  park 
of t h e  chamber was placed a knob 13 ( f ig ,   2 )  on which a device was mounted f o r  
supglylng  the working l i q u i d   t o   t h e  chamber, 

In cases when the  temperature of the i n t e r n a l  Walls of t h e  chamber ex- 
ceeded looo t o  150' C, cooling a i r  was supplied t o  the .annular space 10 ( f ig .  3) 
through a reducer 14 (f ig .  2) and a two-way valve 15 ( f ig .  2) .  After  cooling 
t h e  rings, t he  a i r  passed  into a co l lec tor  11 ( f ig ,  3) and was admitted t o   t h e  
atmosphere  through  conduit 16 ( f ig ,  2). The cav i t i e s  of t he  chamber were made 
a i r t igh t   wi th   the   a i 'd  of the  packing 1 2  and 13 ( f i g +  3). The inner surface of 
t h e  chamber wa.s covered w i t h  insu la t ion  14 ( f ig .  3). 

The temperature of t he  airstream was measured  by a t h i n  Chromel-kopel * 
thermocouple  placed i n   t h e   b r a s s  body 1 (fJg.  4). The thermal  electromotive 
force was measured with a type PP potentiometer, The e r r o r  in measuring the 
temperature  of  the stream did not  exceed 3 percent. A capillary  tube  surrounded 
by a cooling  sleeved  passed  inside  the knob 2 ( f ig ,  4). Water w a s  used as a 
cooling  liquid, The water  entered from a tank 1 7  ( f ig .  2 )  and its consumption 
was regulated  by a needle valve 18. The excess  pressure i n  the  tank was main- 
ta ined   wi th   the   a id  of the  reducer 19 and a check valve 20. A valve 21 served 
to   re l ieve   the   t ank   pressure .  The water was conducted away from the   cap i l la ry  
cooling  sleeve  along a pipe 22, A Chromel-kopel* thermocouple  with  insulated 
thermoelectrodes 0.05 millimeter  in  diameter was placed in   t he   cap i l l a ry   t ube  
The end of the  thermocouple  together  with  the  hot  Junction formed an  accurate 
sphere from  which the  droplets  were suspended a t  the  time of t he   t e s t s .  The 
center of the  sphere was loca ted   a t  a distance of 4 millimeters from t h e  lower 
end of the  tube. 

The upper  end of the  tube was connected t o   t h e  displacement  device  (fig+ 4) 
that   suppl ied  the  invest igated liquid t o   t h e   c a p i l l a r y  tube. Upon issuing from 
t h e  lower  end of the  tube,  the l i qu id  formed a droplet  which, when it a t ta ined  
a ce r t a in  s i z e ,  f e l l  on the  sphere a t  the  end of t he  thermocouple. The thermo- 
electromotive  force was measured with a type PP potentiometer. The droplet  
was suspended on t he  thermocouple  only when it was necessary t o  determine its 
temperature. For t he  measurement of t h e  rate of vaporization,  the  droplets 
were suspended  not on the thermocouple but  on the b a l l  formed at  the  end of t he  
0.05-millimeter-diameter Chrome1 wire. The center  of t h e   b a l l ,  as before, was 
a t  a distance of 4 millimeters  from the lower  end of the   cap i l la ry  t a e .  Spe- 
c i a l  tests and  computations  indicated  that,  under the conditions of the  experi-  
ment, the  supply of heat  through  the wire was negligible,  

The displacement  device  previously  mentioned  consisted of a frame attached 
t o   t h e  h o b  of a rod 3 (f ig ,   4) ,  a cylinder 4,  and a supply  screw 5. The nee- 
dle valves 6, 7, and 8 were used t o  charge the  cyl inder   with  ths  working l iqu id ,  
which was transferred  from a tank 23  ( f ig ,  2) through a f i l t e r  24 by  compressed 

*Translation  not  available. 
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air. Setween the  cylinder  asd  the frame w a s  a b a l l   j o i n t  9 (fig.. 4), which 
permitted  easy removal  of the upper part of t he  device,  Liquid was supplied 
to   the   cap i l la ry   tube  by  introducing  the  rod  into the cylinder  by means  of the 
screw- The pressure  in   the chamber was measured  by a c lass  0.5 spring mancrme- 
t e r  

The airflow  issuing  from  the nozzle 1 (f ig ,  3) and  blowing pwt the drop- 
l e t  entered  the  receiver  pipe 9 ( f ig ,  3)+ Outside  the chamber, this pipe had 
a  sleeve 15 ( f ig .  3) that was cooled  with water from the  water pipe. The water 
entered  the  intersleeve  space 1 6  ( f ig ,  3) along  pipe 25 ( f ig ,  2 )  and was con- 
ducted away along  pipe 26, The prel iminari ly   cooled  a i r   in   the  receiver   pipe 
entered  the  coi l  27 immersed i n  the water flow  conduit. The length of t he   co i l  
was fu l ly   suf f ic ien t   for   cool ing   the   a i r   to   the   t empera ture  of the  water i n   t h e  
water supply  pipe. From the  coi ls ,  the a i r  passed  through  a f i l t e r  28 and 
a.rrived a t  a  measuring  needle  valve 29 which regula ted   the   a i r  consumption, 
The pressure  drop i n  the needle was supe rc r i t i ca l   fo r  a l l  operating  conditions 
of the  apparatus. The a i r  consumption varied between the limits 0.36 t o  
2-30 grams per second. After  passing o h  of valve 30, the a i r  entered  the 
s t ra ight   port ion of the  conduit, where its temperature,  pressure, and quantity 
were  measured. The a i r   quant i ty  was measured with  a   throt t le   disk  31 and  a 
DT-50 d i f f e ren t i a l  manometer, The temperature of t he  flow w a s  controlled  with 
a thermacoqle mounted i n  the  special  frame  32, From the   . s t ra ight  part of the 
conduit,  the air   entered  the  cutoff  valve 33 from  which,  dependlng on the  posi- 
t i o n  of the  valve, it moved t o   t h e  atmosphere or  the  gas  holder 34, When a 
ca l ibmt ion  was made of t he   t h ro t t l e   d i sk   t he  air was l e d   t o  a gas  holder, The 
use of the  gas  holder was necessitated  by  the small values of the  Reynolds num- 
bers that occurred i n  the   t es t s .  These  Reynolds numbers were below the limit- 
ing  values, and thus  the  coeff ic ient  of consumption  of the  throt t le   disk  var ied 
as a  function of the  consmption, The e r r o r  i n  measuring the consumption did 
not  exceed 4 percent. 

The rate of vaporization of the  droplet  was determined by the method of 
moving pictures,  As it was vaporizing  within  the chamber, the  droplet  was 
projected on a moving picture  f i lm by means of a  special  optical  system con- 
sis%ing of the  l ight  source 35 (fig.  21, condenser 36, l i g h t  f i l ter  37, ob- 
ject ive 38,  and  microscope 39. By means  of the   spec ia l  attachment 40, the  
microscope was connected  with  a  type KC-50 moving picture camera 41. The drop- 
l e t  image obtained on the  f i lm was magnified  from the actual 2 millimeter diam- 
e t e r  of the  droplet   to  the  diameter of 14 t o  15 millimeters;   that  is, the frame 
was en t i re ly   u t i l i zed ,  A white screen 42  was placed between the  objective and 
the  microscope. The droplet image was projected on this screen before photo- 
graphing. A t  the   ins tan t   the   d rople t   fe l l  from the end of the  capil lary  tube 
onto  the  bal l  formed a t   t h e  end of the  filament,  the  screen was removed and 
the moving picture camera connected. A ty-pe MPO2/D shunt motor  43 was used f o r  
driving  the camera. A gear  reducer  with  variable  pinions 44 permitted  the 
velocity of the  f i lm motion t o  be  varied. In order t o  determine the  scale of 
the image, the lower  end of the  capil lary  tube,  whose true dimension was accu- 
r a t e l y  known, was photo&aphed on the  film, 

When the  f i lm was treated,   the  drop image was further  magnified 20 times, 
and the  diameter was measured with  an  accuracy up t o  1 millimeter  in two  mutu- 
ally  perpendicular  directions. This measurement technique was a  necessary 
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consequence of t he   f ac t   t ha t   t he   d rop le t   d id   no t  always have a spherical  shape. 
I n  further treatment of the  experimental  data,  the diameter of the  droplet  was 
taken  equal   to   the  ar i thmetic  m e a n  of the measured values. A t  some in t e rva l  
of t h e ,  the diameter of the droplet  was nearly  equal t o   t h e  diameter of the 
wire  suspension  ball,  The moving picture  frames corresponding t o   t h i s  time 
in t e rva l  were not  taken  into  account i n  working  up the  data ,   s ince  the  droplet  
vaporization  under  these  conditions  could have  been distorted.  

3- DESCRlFL'ION OF EXPERLMENTAL APPAXATUS FOR THE  INVESTIGATION 

OF TIIHE VAPORfZATION FROM THE SURFACE OF A POROUS SPRERE 

I N  TRE REGION OF M G H  TEMPERA[pLTRES 

Far the   invest igat ions in the  high-temperature  region-another  experimental 
apparatus was used, i n  which the   inves t iga ted   l iqu id  was evaporated  from  the 
surface of a porous  sphere. Water was chosen as the   l iqu id   to   be   s tud ied ,  A 
porous  sphere  with a diameter of 5.3 millimeters  provided a model of an  evap- 
orating  droplet. The sphere w a s  s in te red  from fine  metallic  granules  prepared 
on a bronze  base, The water was suppl ied   to   the   cen ter  of the  sphere  with a 
sprayer  and  needle  for  subcutaneous  injection. The sphere was attached on t he  
needle  by means of a screw  thread, 

I n  this   apparatus  a high-temperature  gas stream wa.s produced  by an oxyacet- 
ylene  burner  placed in  a ver t ica l   pos i t ion ,  The veloci ty  of the  stream w a s  
measured  by a cooled  pneumatic  tube of s t a in l e s s   s t ee l .  On the  tube w a s  wound 
a th in   l aye r  of ordinary  cotton which s t a r t e d  a t  a distance of 0.8 t o  1 milli- 
meter  from  the  receiving  end of the  tube, When the  pneumometric tube was 
s i tua ted   in   the   s t ream,   the   co t ton  was impregnated  with water from time t o  
time, In t h i s  way, the surface of the  tube always  remained wet. The cooling 
by  evaporation was found t o  be su f f i c i en t ly   e f f ec t ive ,  and the  receiving  end 
of the  tube  did  not  fuse.  

The sphere was p laced   in  the hot  gas  produced  by  the  burner a t  a distance 
of 7 millimeters from t h e   t i p  and was ma.intained i n   t h a t   p o s i t i o n  for a given 
time. The ra.te of vaporization of t h e   l i q u i d  which extruded  onto  the  surface 
of t he  porous  sphere was measured  by  weighing the entire  apparatus on ana ly t i -  
cal   scales .  The weighing was done before  and after each  tes t ,  The time of 
vaporization was determined  by a timing  device  and was se lec ted  between the  
limits 60 and 68 seconds, During t h i s   t h e ,  about 1 gram of water evaporated 
from the  surface of the  sphere. 

The par t  of the   needle   s i tuated i n  t h e  stream w a s  cooled  by the same 
method as was used for t he  pneumometric tube. The  thin layer  of cooling  cotton 
s t a r t e d  from a distance of 1 t o  1,2 millimeters from the  surface of the  sphere 
and  covered the  ent i re   needle .  The layer ended with a thickening  located  out- 
s ide   the  flow- The cotton  wetted  by water during  the  tes t   d id   not  manage t o  
dry completely  and, i n  cont ras t   to   the   cool ing  of t h e  pneumatic  tube,  addition- 
a l  fmpregnation of the   cot ton was not  necessary, It should  be remarked that, 
because of the  cooling  produced  by  the  vaporization,  the  temperature of t he  
wall of the  needle was near the temperature of the   surface of t he   l i qu id  film 
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vaporizing from the  porous  sphere. Hence, the water  supplied to %he center of 
the  sphere assumed a temperature approximately  equal to the  temperature of 
equilibrium  vaporization, In accordance  with  the  experimental  and  theoretical 
data.  presented in   re fe rence  4, the temperature of a jet i n  the sec t ion  where 
t h e  porous  sphere was s i tua t ed  was taken t o  be 2800° C. 

A spec ia l   se r ies  of tests devoted to t he  measurement of the  temperature 
of t he   l i qu id  film vaporizing  from  the  surface of the  sphere was conducted on 
the  described  apparatus. The temperature was measured  by a Nichrome-constantan 
thermocouple  with  0.1-millimeter-diameter  thennoelectrodes made of  enameled 
wire. The thermocouple was placed i n  an annular channel on the  surface of the 
sphere,  and i ts  ends were led  along  the  previously mentioned  needles  under  the 
layer  of the  cooling  cotton. The thermocouple was c a l i b r a t e d   i n   t h e   f i n a l  
assembled form. 

4. F'ROCEDURE OF CONDUC'LING  TI3E  TESTS 

As was mentioned  previously,  the  vaporization of droplets of d i s t i l l e d  
water, 96 percent  ethyl  alcohol, and t h e   f u e l  TC-1 (kerosene) was s tudied on 
the  apparatus for invest igat ing the processes of vaporization of droplets i n  
the  region of high  pressures. The droplets were vaporized-in an airstream f o r  
various  velocities,  temperatures, and pressures of the  surrounding medium i n  
correspondence  with  the  proposed problem. Since it was proposed t o  work up the  
experimental data wi th   t he   c r i t e r i a  of s imil i tude,  a l l  the  quant i t ies   required 
f o r  computing t h e s e   c r i t e r i a  were measured i n  the  tests. 

Before  investigating  the dependence of the  processes of vaporization and 
heat exchange  of the  droplets  on the  temperature  and  pressure, it was necessary 
to   s tudy   t he  dependence of these  processes on the  hydrodynamic conditions a t  
constant  temperature  and  pressure. For this purpose the rates of vaporization 
of t h e  water droplets   for   var ious Reynolds numbers were  measured i n  the first 
se r i e s  of tests, The 'Reynolds numbers were varied between 115 and 455 by 
changing  the consumption of the a i r  blown around  the  droplet. The pressure   in  
the  chamber was mainta.ined a t  11 atmospheres and t he  temperature of t h e  air- 
stream was held a t  322O C. 

The droplets of water were vaporized on the  accurate sphere formed a t  the  
end of t he  Chrome1 wire. The droplet  diameter var ied from 2 t o  1 millimeter, 
The Reynolds number was computed from the ar i the t ic  mean diameter of t he  drop- 
l e t  over  the  period of evaporation+ For each r e g h e  the t e s t s  were repeated 
f i v e   t o   t e n  times. In the   major i ty  of cases  the  difference between the  rates 
of va.porization of the  droplet  under similar conditions  did  not  exceed 6 per- 
cent.  Control measurements were conducted at t h e  end of each series of tests. 
For this purpose the  apparatus was ad jus ted   for  one of t he  regimes  and the  
measurements were made repeatedly. 

A second se r i e s  of tests on water  droplets was conducted for   var ious t e m -  
peratures from 103' t o  489O C and a constant  discharge of a i r  was blown past 
the  droplet .  The pressure w a s  maintained a t  11 atmospheres. The Reynolds num- 
be r  was changed only  by  the  variation of t he   v i scos i ty  of t h e  a i r  with  tempera- 
ture. The v iscos i ty  of the air was re la ted   to   the   t empera ture  of t h e  flow. It 
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should  be remarked that, since the e f f ec t  of t he  Reynolds number on the  process 
of heat exchange and vaporization of a droplet  was examined i n  the  f i rs t  s e r i e s  
of t e s t s ,  it was not  necessary  that   the Reynolds number remain  consta.nt i n  the  
succeeding tests. 

A third series of tests with water droplets was conducted a t  various 
pr.essures  from 11 t o  61 atmospheres. The temperature of the  flow w a s  varied 
from 221' t o  352' C, and the  a i r  discharge  about  the  droplet was maintained 
constant. 

A spec ia l   s e r i e s  of t e s t s  was devoted t o  measuring the  temperature of t he  
droplet. This  measurement was conducted f o r  a l l  regFmes. 

The l h i t s  of var ia t ion  of the  parameters   in   the tests with the droplets 
of water  are shown i n  t ab le  1. 

The droplets of 96 percent  ethyl  alcohol were vaporized in an airstream 
at  various pressures and temperatures, The sphere formed at  the  end of t h e  
filament had a diameter of about 1.0 t o  1.2 millimeters,  while  the  diameter 
of the  droplet  varied  during  evaporation from 1.8 t o  1.2 mil l imeters .   In   the 
tests  with  ethyl  alcohol  the  a. ir   discharge  about  the  droplet  was maintained 
constant,  while  the Reynolds number computed from the  mean diameter of t h e  
droplet  during  the  period of vaporization  varied  only  because a€' the   var ia t ion  
of the   v i scos i ty  of t h e  a i r  with  the  temperature, 

The first s e r i e s  of tes ts   with  the  a lcohol  was conducted a t  various tem- 
peratures. The pressure was maintained a t  11 atmospheres, The second s e r i e s  
of t e s t s  was conducted for  variable  pressure  while the temperature of t he  air- 
flow  varied between small limits. The temperature of the  droplets  of the   e thyl  
alcohol w a s  measured for a l l  regimes. 

Table 2 gives  the limits of var ia t ion  of the  parameters of t h e   a i r f l o w   i n  
the   t es t s   wi th   d rople t s  of 96 percent ethyl alcohol. 

The first series of tes ts   with  droplets  of TC-1 fuel  (kerosene) was con- 
ducted for  various  temperatures  with  the  pressure a t  11 atmospheres. A s  in 
the   t e s t s   w i th  water and ethyl   a lcohol ,   the  Reynolds nmber  was varied  only 
because of the   var ia t ion  of the   v i scos i ty  of a i r  with  temperature, The air 
discharge was maintained  constant. The second series of t e s t s  was conducted 
for   var iab le  pressure. The temperature  hardly  varied.  In  order t o  determine 
the  limits of Variation of the  temperature of tkLe droplet  of TC-1 fue l  during 
vaporization,  the  droplet  temperature was measured a t  t h e   s t a r t  and a t  the  end 
of the  vaporization. The droplets of TC-1 f u e l  changed t h e i r  diameter from 
1.8 t o  1.2 millimeters during  the  tes t ,  The dfameter of the  wire  bead on which 
the  droplet  was suspended w a s  chosen t o  be 1.0 t o  1.2 millimeters. 

In t a b l e  3 the measured  parameters of t h e   a i r f l o w   i n   t h e   t e s t s   w i t h   t h e  
droplets of TC-1 f u e l   a r e  given. 
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5. RESULTS OF THE E- I N V E S E G A T J O N  

The chief   experbental  data obtained on the  apparatus  described above a re  
presented in tables  4 t o  80 The following  notations axe used in the  tables  : 
d, diameter of droplet j  T, time; Gv, mass flow of a i r  over the  droplet  3 G, 
weight of vaporizing  liquid; u) veloci ty  of airflow; tc, temperature of a i r -  
flowJ P, pressure;  tk, temperature of equilibrium  vaporization of the  droplet3 
Re, Reynolds number computed fo r   t he  mean droplet  diameter  during  the  period 
of vaporization and for   a i r   condi t ions  at the determined  temperature of the  
air  flowing  past  the  droplet. The derivative of the  square of the  droplet  
diameter  with  respect t o  time d(d2)/dz maintained a constant  value over the 
investigated  range of var ia t ion of the  droplet  diameter. The  mean experimental 
values of the  quantit ies d(d2)/d.r and dG/d-r, obtained  by  repeated measure- 
ments, are  given i n  the  tables .  

I n  conclusion we  may note   thzt   the  method of computing the Reynolds number 
from the  ari thmetic mean diameter of the  droplets under the  test conditions 
does no t   l ead   t o  any considerable  error and  can  be based on the  following con- 
siderations. The maximm possible change of the  droplet diameter in our t e s t s  
from do = 2 mil l imeters   to  d d 2  was observed  during  the  vaporization of 
water  droplets. It can readi ly  be shown that the  actual  mean diameter of the 
droplet i s  

do where Tk = - is the time of vaporization of the  droplet  f r m  do t o  d d 2  

and k = d( d2)/d-r = const. The arithmetic mean diameter f o r  this case w a s  
e q u a l   t o  (do + dd2) /2 ,  that is, 3/4 do. Since i n   t h e  least favorable  case 
the   ac tua l  mean diameter of the  vyorizing  droplet   d i f fered from the  ari thmetic 
mean by  not more than 3.6 percent , the  Reynolds number may be computed from 
k,ithtmea,n  without  introducing a large  error. For the  other  investigated 
l iquids   this   di f ference was even smaller and consti tuted a  magnitude  not ex- 
ceeding 2 percent. 

4k 
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1 0147-1-86 115-455 
2 1.14 388-237 
3 1.14 318-269 

L I I 

TABLE 2 

T A m  3 

Test Re GvJ 
series 

1 
223-310 1.13 2 
256-211 0.81 

. .  

I 

T 

' :cy 1 
C 

322 
103-489 
221-352 

;cJ 
C 

91-259 
196-200 

tc J 
OC 

~ 

144-272 
231-234 

p, 
atm 

11 
11 
11- 61 

p, 
atm 

11 
11-41 

.~ . 

p, 
atm 

11 
11-41 
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VAPOFUZATTON OF DROPLETS OF WATEB 

TAm 4 

tc = 322' C; P = 11 a.tm 
t k  = 109' c 

TfLBLE 5 

G, = 1.14 g/sec 

Re p, 
a t m  

Re NUB- 
ber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 

NUm- 
ber 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

t k ,  
OC 

~ 

93 
102 
109 
116 
1 2 3  
1 2  9 
13 7 
145 
1 5 4  
157 
159 

~ 

0.47 
.58 
.68 
* 79 
.90 

1.00 
1.11 
1.22 
1.33 
1.43 
1.54 
1.65 
1.75 
1.86 

115 

167 
1 9 3  
220 
246 
2 72 
298 
324 
350 
377 
403 
429 
455 

141 
52 7 
568 
607 
657 
696 
724 
7 78 
831 
851 
869 
892 
950 
963 
9  79 

11 
1 6  
2 1  

31 
36 
4 1  
46 
51 
56 
61  

86 

221 
223 
22 7 
2 31 
248 
267 
273 
319 
353 
348 
3 52 

318 
317 
315 
313 
305 
298 
296 
280 
269 
2 7 1  
2 70 

395 
38 6 
376 
38 6 
425 
48 6 
479 
653 
805 
783 
816 

TABLE 6 

VAPORIZATION OF DROPLETS OF 96 PERCENT 

E T m  ALCOHOL 

G, = 1.14 g /sec  
~ 

Re 

~ 

394 
354 
331 
301 
330 
330 
330 
329 
329 
329 

~ 

NUm- 
ber 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

PJ 
a t m  

11 
11 
11 
11 
1 6  
21 
26 
31 
36 
41 

t C  , 
OC 

9 1  
156 
1 9  6 
259 
1 9  7 
1 9  7 
198  
199 
200 
200 

57 
75 
82 
90 
88 
94 
100 
104 
107 
110 

280 
669 
917 

1465 
851 
823 
803 
788 
772 
73 9 
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w m  7 

VAPOFXZATION OF DROPLETS OF TC-1 

31 
41 

Re 

257 
241 
223 
211 
309 
310 

- 

.~ 

- *  d(d2> 106, 
dT 

In2/hr 

294 
691 

13 60 
2100 

903 
716 

TABLE8 

VAF’ORIZATION OF WATER  FROM THE 

SUHFACE OF A POROUS SPHERE 

35*9 0.016 

1 2  



Figure 1. - General  view of  experimental apparatus. 
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Figure 2. - Schematic of experimental  apparatus. 
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Figure  3. - Horizonta l   sec t ion  of high 
pressure  chamber. 
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Figure 4, - Vert ical   sect ion of high  pressure chamber. 
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